Abstract 1. Intracellular recordings were made from 92 neurones in the precruciate cortex of encephale isole and midpontine pretrigeminal preparations of the cat. 2. All but only one of these cells showed appreciable changes in the membrane potential during the transition from the cortical slow wave phase to the EEG arousal occurring spontaneously or induced by stimulating the midbrain reticular formation. Thus, 38 cells were depolarized (D-type cells), 48 cells hyperpolarized (H-type cells) and 5 cells showed an early hyperpolarization and a later depolarization (mixed type). 3. The latency of intracellular responses to reticular stimulation was shorter in the D-type cells than the H-type or mixed-type cells, and shorter for each of the D-and H-types in the cells of the superficial layers than those of the deep layers. 4. The D-type cells were distributed widely through laminae I to V, but the majority was sampled in lamina II. The H-type cells were located in laminae III-VI with the mode at the upper half of lamina III. The mixed-type cells were mostly located in laminae V and VI. 5. Antidromically identified slow pyramidal tract (PT) cells (n =9) all belonged to the D-type, and fast PT cells either to the H-(n=11) or the mixed type (n 4) . 6. These results suggest that the EEG arousal is a state composed of both excitatory and inhibitory responses of cortical cells which are processed from the superficial to the deep layers.
are complex, representing at least two sequential states, that is, the phasic arousal during the transition from slow wave sleep to waking and the subsequent steady state of quiet waking (SHARPLESS and JASPER, 1956 ; WALSH and CORDEAU, 1965; ALLISON and GOFF, 1968 ; COURTOIS and CORDEAU, 1969 ; STERIADE, 1970 ; STERIADE et al., 1974a, b) . Of these studies only a few types of cortical neurones have been identified. Fast conducting pyramidal tract (PT) cells identified by antidromic stimulation of the medullary pyramid or the cerebral peduncle show early decreases and late increases of their firing rate which represent the two different arousal states (STERIADE et al., 1974a, b) . The early suppression of fast PT cells makes a clear contrast with a steady facilitation of slow conducting PT cells (EVARTS, 1965 ; STERIADE et al., 1974a, b) . The only identified neurones other than these PT cells have been the presumed inhibitory interneurones of Renshaw type (cf. ECCLES, 1964) in the motor, somatosensory and parietal association cortices, and were found to be depressed on the EEG arousal (STERIADE et al., 1974a; STERIADE, 1978) .
Intracellular studies have been limited to PT cells with several provisos such as the use of general anaesthetics or elicitation of the EEG arousal by the highfrequency stimulation of the midbrain reticular formation or lack of identification, of fast and slow PT cell groups. Reticular stimulation caused membrane depolarization in some PT cells and hyperpolarization in some others, and the rate of occurrence of these two changes was viewed differently by two groups of authors (KLEE et al., 1964; AKIMOTO and SAITO, 1966; KLEE, 1966) . The possible mechanisms of these potential changes have not been known because of complications in the experimental design, the dual nature of the EEG arousal and the technical difficulty of large sampling.
The present intracellular study of neurones in the cat motor cortex aims in the acute experiment at (1) a thorough sampling of cortical neurones including fast and slow PT cells at various depths through the cortical layers during the spontaneous or reticular-induced EEG arousal, and (2) understanding of the mechanism of changes in the membrane potential on the EEG arousal with the aid of measuring the membrane resistance of cortical neurones. For these purposes encephale isole (BREMER, 1961) and midpontine pretrigeminal preparations (BATINI et al., 1959) were used. The results reveal the cerebral state of EEG arousal as a process of sequential flow of neural informations among several types of cortical neurones. This paper will describe the properties of EEG arousal in the transected brains, the location of cortical neurones and types of their response on the EEG arousal. The nature of cellular responses revealed by measuring changes in the membrane resistance will be analyzed in the next paper (INUBUSHI et al., 1978) .
Some of the results in this study have been briefly reported .
Preparations. Twenty-eight cats (2.4-4.1 kg in body weight) were used. Under ether anaesthesia a tracheal cannula was introduced, the blood pressure was monitored through the femoral artery, the head of the animal was fixed in the stereotaxic apparatus (Narishige SN-3) and then the animal was prepared in two ways. In 15 cats, the C2 level of the cervical cord was transected (encephale isole cats, Fig. 1A-1 ). In the other 13 cats, a portion of the occipital bone was removed and the medial part of the cerebellum was aspirated to expose the floor of the fourth ventricle. The midpontine pretrigeminal level of the brain was transected with a thin spatula by a dorsal approach aiming to pass the basi-horizontal plane (H : 0, REINOSO-SUAREZ, 1961) at A: 1.0 to AP: 0 with the angle of 40-45° from the vertical plane ( Fig. 1A-2 ) (cf. ZERNICKI, 1968) . Another small spatula was used to cut with assurance the bilateral trigeminal nerves (HIRAO, 1962) . Care was taken to maintain an effective flow of the cerebrospinal fluid through the midbrain aqueduct.
EEG recording and stimulation. The cranial bone covering the left pericruciate and visual (area 17) cortices was removed. The dura was incised within a small area (1-1.5 mm2) on each cortex, where the Ag-AgCl electrode was placed to (1) and (2), transections for encephale isole and pretrigeminal preparations, respectively. Scales for AP and H axes are in accord with REINOSO-SUAREZ (1961) . B, frequency histogram for location in depth of sampled cells. Filled columns show a population of cells selected for study. Hatched columns represent cells not subjected to analysis because of insufficient recording conditions. record the electrocorticogram (ECoG). The indifferent screw electrode was fixed on the cranial bone near the cortical lead. A pair of needle electrodes were inserted into the dorsal hippocampus (A: 4.0, L: 5.0-6.0, H : 17.0-18.0; REINOSOVol.28, No.5, 1978 SUAREZ, 1961 Successful sampling of cells was made from a total of 52 penetrations in the present study. The whole course of 26 tracks marked with the microelectrode in situ were verified histologically. For the other 26 tracks, the microelectrode was advanced to the depth of 2-3 mm after the completion of cell sampling during the experiment. This procedure was helpful for later tracing of the track in the histological preparation from the marked orifice of penetration to the depth of about 400 µm. The vertical direction of the microelectrode penetration was thus verified except for only two tracks. Correction of the depth reading was made for 6 cells sampled along these two tracks with the factor of 8 and 22%, respectively. The latter extreme case occurred because of the site of penetration 
RESULTS

EEG arousal
In the encephale isole cat, the following electrical signs were taken as indicating the EEG arousal: (1) blocking of the spindle burst and slow waves, and appearance of low voltage fast activity in the ECoG, and (2) occurrence of the hippocampal RSA or increases in its frequency. These arousal states occurred spontaneously or in response to natural sound or visual stimuli such as the change of illumination and application of flash of light. The above two phenomena were sometimes preceded by a high voltage fast wave burst with frequencies of 80-90 Hz in the motor ECoG (cf. Fig. 4 of INUBUSHI et al., 1978) and a transient depression in amplitude of the hippocampal RSA or the desynchronization (BRUCKE et al., 1959; TORII,' 1961 ; YOKOTA and FUJIMORI, 1964) on the spontaneous EEG arousal. The same pattern of EEG arousal, (1) and (2), could be induced by stimulating the RF with the near-threshold intensity (see METHODS). Discrepancy in the effects on neuronal activities between the natural and reticular-induced EEG arousal occurred in a few cases where the RF electrode was located near or in the central gray or the stimulus intensity was strong enough to produce more complicated patterns of responses (cf. SPEHLMANN and DANIELS, 1972) . These cases of RF stimulation were discarded in the present study, but only the natural EEG arousal was taken into account.
As reported by SLOSARSKA and ZERNICKI (1971) , the pretrigeminal preparation showed only two different phases, that is, drowsy and waking, according to the terminology of these authors, when observation was made for the period within 24 hr after the brain transection. When the ECoG showed the slow wave pattern, the EEG arousal could be induced by the reticular stimulation with the same electrical signs observed in the encephale isole preparation. When the RF stimulation was applied in several cases during the state already showing the fast activity with sporadic slow waves in the ECoG, only a suppression of slow waves occurred, but a concomitant increase in the frequency of hippocampal RSA almost always occurred (Fig. 4A, B) . These signs were also considered as the EEG arousal of higher level than the control state. This experimental condition was useful when we quantified the transient effects of RF stimulation on the neuronal ac- with an electrically differentiated record (ECCLES, 1964) . During the pattern of slow wave and spindle burst in the ECoG (Fig. 3A-2 ) the membrane potential fluctuates between -65 and -90 my (A-3, 5), but is stabilized at a depolarized level after the onset of spontaneous EEG arousal (marked approximately by a vertical broken line). The firing rate is then increased slightly (A-3, 4). The sustained depolarization and firing rate were further intensified during the RF stimulation (marked in 1). The amount of depolarizing response was measured as the difference between its maximum during the EEG arousal and the averaged level of the preceding control phase. 
Responses of cells identified by CP stimulation
In all the sampled cells, antidromically identified were 15 fast and 9 slow PT cells. The interneurones responding with high-frequency firings to CP stimulation (STERIADE et al., 1974) were not recorded intracellularly. The D-type group included all of 9 slow PT cells (latency from CP , 1.5-3.8 msec). An example is illustrated in Fig. 7 where the RF stimulation caused a slowly developing depolarizing response (A) in a slow PT cell identified antidromically (B) . Fifteen fast PT cells (latency, 0.5-0.8 msec) were divided into the H-type (n=11) (not illustrated , but see Fig. 5 of INUBUSHI et al., 1978) and the mixed group in which the initial response was hyperpolarization (n=4) (Figs . 5 and 6 ).
Location of cells and response properties
As demonstrated in the specimen records of Figs . 3-7 , the spike potential in all the sampled cells had the so-called IS-SD inflection typical to the intrasomatic recording (ECCLES, 1964) . Thus, the depth at which the cell was recorded would indicate the location of its soma. In Fig was slower in the cells located deeply than those in superficial layers. For example, the slow PT cell illustrated in Fig. 7 developed its depolarizing response with a long latency (L in 5), and attained a maximum change far later towards the end of stimulation. On the other hand, some D-type cells located in laminae I-III responded to the RF stimulation quickly, attaining to the peak amplitude within 100-200 msec and thereafter showing a gradual decay to a certain level of depolarization even before the end of the RF stimulation (cf. Fig. 2 of INUBUSHI et al., 1978) .
Since it was difficult to quantify the time course or the time to peak response, the latency of response was measured by a relatively wide bin of 0.1 sec for each trial in the 59 cells selected for reasonably accurate measurements (e.g., cases of Figs. 4C, 6A and 7A). The mean latency for each cell was calculated from several trials, and was shown to be generally long with the near-threshold RF stimulation used in this study. In Fig. 9 these mean values (abscissae) are plotted against the depths (ordinates) for D-(A), H-(B) and mixed-type cells (C). Both D-and 
DISCUSSION
The aim of the present study is to extend the intracellular approach to the cerebral cortex in the condition more normal and physiological than the anaesthetized state. Technical difficulties have limited our experiments on the EEG arousal only in the transected brains where the neuronal events lose any relations with behaviour or movements. Careful consideration is necessary on this drawback of the transected brains when one tries to generalize the acutely obtained results from the behavioural aspect. Therefore, the first of our attempt should be to examine the present data as to whether these transected brains could provide a useful model for the experimental approach to the EEG as well as behavioural arousal. To do this, we will first summarize the main findings in this study, and then compare some of our results with earlier observations in the chronic or acute extracellular experiments.
The followings are the summarized findings in this study.
(1) The EEG arousal involves the same reactions of motor cortical cells in both the encephale isole and pretrigeminal preparations. Response properties and their depth profile do not differ significantly between these two preparations (Figs. 8, 9 ).
(2) Almost all cortical neurones (91 of 92 cells) respond to the natural or reticular stimuli which induced the EEG arousal. It is clear that the EEG arousal is a process diffusely spreading through the cortical layers. (3) The EEG arousal is a complex state which involves both excitatory (depolarizing) and inhibitory (hyperpolarizing) reactions of cortical cells. About half the population of sampled cells shows either depolarizing or hyperpolarizing response. Only 5.5 % of cells shows the mixed response of hyperpolarization followed by depolarization. The nature of these depolarizing and hyperpolarizing responses is suggested in some neurones to be the excitatory and inhibitory postsynaptic potentials, respectively, on the basis of the response amplitude observed at different levels of the resting potential (cf. Fig. 4) . However, full analysis will be given in the next paper (INUBUSHI et al., 1978) . (4) Fast and slow PT cells show different behaviour on the EEG arousal. The former is hyperpolarized at least in the initial phase of EEG arousal, and the latter is depolarized (Figs. 5-7) . (5) The excitatory response in the cortex starts earlier at the transition to the EEG arousal in the cells in the most superficial layers (laminae I-II), the inhibitory response is followed mainly in the cells in the middle layer (the upper half of lamina III) and both excitatory and inhibitory responses occur later in the cells in deep layers (laminae III-VI) (Fig. 9) . Some of the above-listed results may provide suitable intracellular correlates of the extracellular data obtained in the earlier chronic or acute experiments. The depolarizing response of slow PT cells would explain qualitatively their activation observed in the earlier studies (EVARTS, 1965; STERIADE et al., 1974a, b) . The initial hyperpolarization of fast PT cells would correspond to their depression in the transient phase of the EEG and behavioural arousal (EVARTS, 1965 ; STERIADE et al., 1974a, b) . The intracellular correlate to the sustained activation of fast PT cells in the steady state of quiet waking (STERIADE et al., 1974a, b) could be the late depolarizing response (Figs. 5, 6 ) observed in four PT cells (27 % of sampled fast PT cells). Assuming that the dual nature of fast PT cell responses depends on the physiological intensity of EEG arousal, it is conceivable that the pure hyperpolarizing response of fast PT cells in our experiments is caused during a relatively weak EEG arousal. This possibility should be examined systematically in the future. So far we have adopted very weak RF stimulation to avoid complications due to the current spread to neighbouring structures.
In this connexion it is recalled that the earlier intracellulr studies have left discrepancy between two groups of authors. Klee and his coworkers (KLEE et al., 1964; KLEE, 1966) observed mainly a hyperpolarizing response, while AKIMOTO and SAITO (1966) showed a depolarizing response in most PT cells. If both authors mainly sampled fast PT cells, the effect of RF stimulation would be weaker in the lightly anaesthetized cats used by the former authors, than in the unanaesthetized preparations examined by the latter. A support for this interpretation would be that Klee and his coworkers observed a slow development of the hyperpolarizing response (Figs. 1, 2 of KLEE et al., 1964) while Akimoto and Saito observed a rapid depolarizing response (Fig. 8 of AKIMOTO and SAITO, 1966) . The strong RF effect would shorten the transient phase of hyperpolarization in the mixed-type response. The other possibility would be that the latter authors sampled mainly slow PT cells, but it is less likely because of their small size (TAKA-HASHI, 1965; OSHIMA, 1969) .
From the comparative aspect, it was unfortunate that the presumed inhibitory interneurones observed in the earlier studies (STERIADE et al., 1974a, b) were not sampled in this experiment. Some of the H-type cells responded with EPSPs to the CP stimulation, but did not show high-frequency repetitive firing such as shown in chronic experiments (STERIADE et al., 1974a, b) . Since the present sampling of small-sized cells is very small in the deep layers (INUBUSHI et al., 1978) , it is expected to settle this problem by examining a larger sample in the future.
The comparative inspection of data on PT cells in the acute intracellular and chronic or acute extracellular studies have revealed a good agreement in general between each other. Since the arousal phenomenon has so far been subjected S. INUBUSHI, T. KOBAYASHI, T. OSHIMA, and S. TORII only partly to analytical studies, the intracellular analysis should be developed as the initial step for the attempt to bridge the gap to the behavioural study. The results listed above (1)- (5) have shown that a variety of excitatory and inhibitory responses are well arranged both in space (Fig. 8) and time (Fig. 9 ). This fact would lead us to the hypothesis that the EEG arousal is a state organized as a certain functional unit (JASPER, 1958) . A further analysis will be made in the next paper to test this hypothesis (INUBUSHI et al., 1978) , now that our hope has been reasoned that the transected brain is a useful model for the basic understanding of the EEG arousal.
